Cyclic amines can be encapsulated in a water-soluble self-assembled supramolecular host upon protonation. The hydrogen bonding ability of the cyclic amines, as well as the reduced degrees of rotational freedom, allows for the formation of proton-bound homodimers inside of the assembly which are otherwise not observable in aqueous 2 solution. The generality of homodimer formation was explored with small N-alkyl aziridines, azetidines, pyrrolidines and piperidines. Proton-bound homodimer formation is observed for N-alkylaziridines (R = methyl, isopropyl, tert-butyl), N-alkylazetidines (R = isopropyl, tertbutyl), and N-methylpyrrolidine. At high concentration, formation of a proton-bound homotrimer is observed in the case of N-methylaziridine. The homodimers stay intact inside the assembly over a large concentration range, thereby suggesting cooperative encapsulation. Both G3(MP2)B3 and G3B3 calculations of the proton-bound homodimers were used to investigate the enthalpy of the hydrogen bond in the protonbound homodimers and suggest that the enthalpic gain upon formation of the protonbound homodimers may drive guest encapsulation.
Introduction
Hydrogen bonding and protonation play vital roles in both chemical and biological phenomena as one of the most prevalent intermolecular forces in nature. (1) (2) (3) (4) Although hydrogen bonding is often viewed as a weak interaction, the strength of a special class of strong hydrogen bonds, often referred to as ionic hydrogen bonds, can range from 5 to 35 
Results and Discussion
Following our previous observations that chelating amines are able to intramolecularly bind a proton when encapsulated in 1, we surmised that two separate amines may be able to simultaneously coordinate to one proton in 1. Furthermore, synthetic host molecules have been shown to stabilize proton-bound amines, such as 
Conclusions
In conclusion, we have demonstrated the formation and encapsulation of hydrogen-bonded homodimers in the interior of a water-soluble supramolecular assembly. To the best of our knowledge, the systems described in this study are among the largest molecules that have been subjected to G3(MP2)B3 or G3B3 calculations to date. The calculations suggest that formation of the proton-bound amine homodimers is 11 highly enthalpically favorable when compared to the solvent adducts of the protonated amines.
Materials and Methods
General Procedures. All NMR spectra were obtained using an AV-500 MHz (Table S1 ). However, as we have previously shown that 1 is able to distort to accommodate variously sized guests, gauging the selectivity of amine encapsulation is difficult based solely on the volume of the guest.
36.
Some of the [B··H··B]+ calculations were omitted due to large size of the molecules and the corresponding time required for calculation. 37.
We explored the possibility that formation of the proton-bound heterodimer in the case of [4··H··10]
+ was enthalpically driven due, however, the hydrogen bond enthalpy in the [4··H··10] + complex was calculated (G3MP2) to be 24.3 kcal/mol. This suggests that the shape of this heterodimer is preferred over either of the homodimers. The resonances corresponding to the assembly (*), external N-methylpyrrolidine (○) and encapsulated Nmethylpyrrolidine (■) are labeled for clarity. The guest region of the spectra (3 to -3 ppm) has been enlarged 4x for clarity. The full dilution experiment is shown in Figure  S2 . 
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